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J INTRODUCYLOR

Computer technigues designed to construet numerical taxonomies
irém large, complex arrvays of data have developed rapidly in the pas£ few
years. It has been the experience of many who have attempted to cmploy
these techniques, however, that mathematically logical taxonomics are
difficult to relate to the owviginal data from which the taxonomies were
dravn, This difificulty has all teo often left the reseurcher with a neat
Jist of the sets of cases which are numerically similar, but with only the
vaguest gracp of what the grouping similarities might be, This report
introduces a simple computer technique to plot the underlying similarity
of groups, . "

There are two basic types of numerical taxonomy; hiecrarchical, and
cross-sectional, The former taxonowmy -~ the type generally eaployed in
biology -~ classifics life from a single instance of a 1iving‘organism,
through the species, phylum, kiugdom, to all of organic existence., The
hierarchical taxoﬁomic scheme assumes dynamic sinilarity for grouping.

A cross-sectional tazonomy, the type most generally employed by social
sclentists, assumes static sinilarity. A casc is gréuped as a member of

one of k gronps, each case is a mewber of one and only one group, and the

group is assuned to be qualitatively distinct from all other groups.

I1X, DEVELOYHENT OF TLL GROUPING PROBLEM

A Casc is characterized by the values it has for a range of
varfables., 7These valucs nay be specific, as the national income of France
in U, S, dollars, or they ma§ be general, as the freedom.of group opposi-
tion in Yronce mecasured by a two point scale, The mumerical scores for

these characteristics of the nation, France, form vhat we shall call an
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Yo illustrate grouping procedure, lot us assune that we are
duterested in constructing a taxonony irom eighty-two nations using as
our index of siwilavity the five characteristics of Figure 1. If, on
a transparent naterial, ve vere to drav cighty-two separate profile
graphs, one for cach nation, we could then build a taxonowy simply by
superimposing sheets of the trensparent naterial. Supposc Qe took the
graph for France shown in Figure ) and superimpeosed another graph from
one of the eighty-one vemzining transparent sheets, continuing the pfocess
mtil ve found the line which coincided wost closely with that for France.
Let us assmme that the second graph is the attribute profile of Vest
Germany. Taking the gvaphs for both France and West Germany, we super-
inpose a third profile from among the remaining eighty graphs continu-
ing unti) ve again find the oue nost sinilar to the two already grouped,
As we continued this exercise we would observe that the lines of our
superinposced profile group would spread increasingly over the sheet.

We would copclude that as the number of nations in the group increases,
the sinilarity of profile for that group would decrease.

Let us assume that we wefe interested in building a hierarchical
taxonomy frem the transparent sheets, ‘e would first lay the eighty-two
profiles side by side and thew find the two profiles out of all combina-
tions of two vhich vere most similar and superimpose them. This would
leave eighty-onc profiles., We would again look for the two profiles moét
sinilar and again superimpose them. As we continued this exercise we
vould £find that the visual eriteria for similarity of profile would have
to be relaxcd, Ve would continue to relax the similavity criteria until
all cighty-tuo profiles were superimposed., If wve kept account of the
order in vhich the profiles were grouped, we cculd draw a taxononic map

-

of our procedure gimilar to that of Figure 2,

Py
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For social scientists, however, the hierarchy of proiile groupings
may not be salient and we might try to build a cross—-sectional tarononmy
frpm the edghty-tvo profiles assuming séatic similarity. We could.start
by spccifying the k number of groups we vere interested in ox we could
specify the level of group coherence or similarity we were willing to
a§CGpt and then see how mauy groups resulted, Either way, we would try
the various permutétions of superimpesition until we found the best
cross-section for our puiposes.

The permutations at each step of our hypothetical grouping
procedures would be so nuaerous for the eighty-two profile graphs that
they would preélude actually attempting to constuiuct taxonomies in this

%
way. We must look to computer techniques for assistance.

I1Y. APPL1ICATION

The trauéparent graph illustration presents grovping procedure
as the matching of characteristic profiles, The available computer
techniques do not match profiles, but instead reduce the profile stat-
istics to single indices of similarity or distance batween the cazes to
be grouped, and thcﬁ watch the indices. The interpretation of computer
taxonomies has ﬁéen difficult becanse the indices of sinilarity upon
which the nethods depend refiect, but ¢o not reproduce tbe original
profile choracteristics,

In the transparent graph illustration we had attempted to group
cases by their scores on five uncorrelated variables. The standard
scales by which the attribute profile values vere meosured can be viewved
as Cartesian coordinates of a five diuensional spoce, Each of the
coordinate axis of this space is at right engles to all others, sincé the

variables are uncorrelatea, It then beccines possible to represeat the
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nation profiles as single points in the Cartesian coordinate system of
the five variables, Each nation has a unique location in this space and
this location is a unique Fuclidean distance from every other point in
the space, The similarity (congruecnce) of profiles is thus measured by
the similarity of spatial location « the distaqce between points. The
question of profile similarity may thus be reduced to measuring tﬁe
Euclivean distances within this space,

Since Euclidean distances between cases measure siﬁilaiity, they
can be ugsed to develop taxonomies, Our concern at this point is not the.
development of a taxonomy, however, but with the uuderlying similarity
the tazonony represents.

A hierarchicrl tazonomic technique was employed fo grohp the
eighty--two nations on their Luclidean disténces in the spacé of the five
characteristics of Figure 1. A dendrogram displaying the resulting taxo-
vomy.i: shown in Figure 2, The vertical lines represent the joining
together of nations into a group, The distaﬁée between nations in the
same group is increased as the procedure works from left to right in the
denﬂxpgram. At the extreme left no two natiohs are grouped énd at tﬁé
extreme-right all nations form.a single group. |

As social scieutists. ve would prbbably not be interested in the
éntire dendrogran of Figure 2, Couseducntly, two intefprctivc problems
arise, Tirst, vhich groups should we extract from the dcudrograﬁ for
presentation as our cross»section?. Second, once we have selected our
groups, hou can we interpret the group sinilarities? To treat the latterx

problem we nust return to the initial data - to the profiles themselves.
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iV. GEREPAL DESCRIPTION

Assune that we are interested in characterizing a group of k
size given us by the taxonomic method, We calculate a group scorce for
cach of the original characteristics by adding togeiher the member scores
and dividing by k, the muwber of nembers ia the group., This mean scorve
ve will call a group profile score for a characteristic, Since we
norﬁally find variation about the group wmean score (group dissimilatity)
we can calculate the group standard deviation as a measure of member
deviation from the group mean, This variance will vary ffom characteristic
Lo charactevistic and will scrve as a measuré,of group cohesion on a
charactexdstic, Jf we assume the distribution of member scores around

-

the mean profile score for a group to he novmal, we can add a confidence
interval to the group mean score. A one standard deviation confidence
interval about the group profile score would enconpass approximately two-
thirds of the member scores for the group across the characteristics. A
group profile with its confidence interval can be shown graphically.
(Figure 3). . \ |

The horizontal midpoint of the plot in Figure 3 is the population.
mean value for the characteristics. We would expeet mean profile scores
for any group we extract from a population to tend toward the horizental
midpoint of the plot since tils portion of the graph is the most dense
portion of the varithe scatter, If the group mean profile score on eny
one of the charact&ristics is far removed from the nidpoint, then that
chaﬁactgristic distinguishes the group: group nembers arve sinilar on the
.char&cteristic. The tight cluster of group scores on national income
(?KCOHL) in Figure 3 is taken asvthc distinguishing characteristic.of the

plotted group,

: o e A . S AN — " f—
by o W‘



Fipgure 3

ATTRILUTL PLOFILE FOR GROUP FROI: DELDROGRAL, FIC, 2%

Members of the group are:

France China West Germany Rugsia CGreat Dritad

Profile Statistics for Five Selected Charecteristics

ERERGY INCOME FRLLOP DERSTY
STAKDARD DEVIATION 1.104 0,136 1144 1.097

CROUP RANGE 3.4 0.3 2.3 2.7

PROFILE PLOT
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%*Group was derived from §,C. Johnson's Lierarchicel Clustering Schicie,
Dianeter l'ethod. Ref. $.C. Johnson, "Fiererchical Clustering Schenes,"

Psychemetrika, vol, 32, XNo. 3, September 1907,

ENLRGY = encrgy consumption per capita; INCONE » national dncoue;
FREEOP = frecdom of group opposition; DELSTY = population density;
CATLLC & proportion of catiolics to the population. '
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D,0.1, COPUTER PROGRANE PLOTILE WRITEUP

DESCRIPT 10.1!
A. This program calculates and plots group profiles,
B, Input (datﬁ) up to 200 cases, 50 variables.
C. Output
1, dinput matrix
2, means and standard deviations of input variables

3., standardized data watrix (optiom)
4, group profile statistics, up to 50 groups

5. proup plots with one standavd deviation confidence interval

(option)
ORDLER 0F COWTROL CARLS

A. Plot Symbol Caxd

B. Main Control Caxrd

1, col. 1-6 PROBLE: .
2, col, 79 nuaber of groups (maxinun 50)
3, col, 10-12 number of cases (maximun 200)
4, col, 13~15 number of variablds (maximum: 50)

5, c¢ol, 1&.. Y.standaidize input data; blank do not standardizc

o« col, 2% 1 plot group profiles; blank do not plot

C. Group Size Curd (maximum size of group 50 cases)

1. col. 1-3 uu.ber of cases in first group
2, col, 4-6 nunber of cases in second group
3, col, 7-9 nuinber of cascs Iin third group

26, col. 76~-78 uumber of cases in twenty-sixth group
(use a second card as needed to complete listing
D. Observation Kumber Card (one sct for each group)

1, col. )3 number of first case in the group
2, c¢ol, 4-6 number of second case in the group
3. col, 7-9 number of third case in the group

26, col, 76-70 number of twenty-sixth case in the group

(use a second card as nceded to complete listing for the group)



1.

3.

1),
Variable Pormat Card (use 2) both must be included even if sccond
is blank, :
Data Cards
Case Name Card
1. col, 3-6 mname or nuumber code of variable (as wany caxds as
variables in the input data wmatrix, Blank cards
rust be inserted if variable npames ave not wvaniwed)
¥Yinish Card
1, col, 16 YINISH
MULTIPLE JOBS
A. TFor a multiple job, repeat card sets (A) through (L) for cach job.

Card (X) signals the completion of all jobs and is placed at the
end of the final job,
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VI. SAVPLY PLOBLED

To characterize a cross-sectional taxonoumy from the dendrogram
of Figmie 2, we selected a cross-section of eight groups anq plotted
thety profiles with the profile progran. The program fe#turcs an
automatic scaling device vhich scales the plots to the range of the
statistics to be plotted in each job, The ﬁnited States, the sole weiber
of the eighth group, proved to be an extieme outlier on mnational
income and encrgy consumption, To demonstrate the variable scale
feature, groups 1 and 2 were plottéd by themselves, witﬁout the
necessity to scale the piots for the UnitcﬂAStntes. The.Plo;s for

Groups 3 and 6 are products of the computer run when the United States

. was plotted. The computer output for these plots and statistics for

the first three groups are shoun on the following pages.

To allow for A”lafge nunber of variables, plots are made
vertically dowm the page, beginning with variable 1 at the top. The
group:mean'séofe is denoted by an."X" and "' denotes the one standaxd
deviation confidence interval aboué the nean é;ofe. If a single(
asteviclk appears, as in the group 1 plot for INCOME, member sfandard

deviation is negligible and the confidence interval converges on a

. single ﬁoint. If the asterisk is very close to the other asterisk,

there way be no "X" between them. Tt is assumed that the mean score
would fall between thew in this case. The user may wish to shade the
confidence intervals in the output as an aid in nterpreting the

profile variatioun across characteristice for the group.
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